Abstract
INTRODUCTION

33
The biliary tree including intrahepatic and extrahepatic bile ducts (IHBD and EHBD) 34 forms the primary path by which bile is secreted by the liver then transported to the gut.
35
Disruption of the epithelial lining of bile ducts triggers hepatobiliary inflammation, 36 fibrosis, and even malignant transformation, which collectively were referred as 
46
Clonorchis sinensis is a food-borne helminth that naturally cause cholangiopathies 4, 5 . 
56
The gut microbiota can influence or modulate chronic liver disease 7 . In the absence 57 of the intestinal microbiota, germ-free mdr2 -/-mice had exacerbated primary sclerosing 58 cholangitis 8 , while germ-free NOD.c3c4 mice had attenuated spontaneous biliary 59 inflammation 9 . Whether the gut microbiota participates in the hepatobiliary 60 pathogenesis during C. sinensis infection is largely unknown.
61
Our recent study showed significantly increased biliary epithelial IL-33 expression and 62 serum IL-33 levels in patients with C. sinensis infection 10 . Therefore, we were initially 63 interested in a potential role of IL-33 in the cholangiopathies during C. sinensis infection.
64
Unexpectedly, we found that the gut microbiota instead played important roles in 65 regulating helminth injury-induced hepatobiliary regenerative responses. We further
66
showed that microbiota-derived metabolite butyrate was able to inhibiting biliary tree 67 stem/progenitor cell expansion in vitro and tempering biliary fibrosis during 3,5- 
RESULTS
73
WT mice have more extensive hepatobiliary fibroproliferative responses 74 compared to non-littermate IL-33-deicient mice 75 Our initial goal is to study the role of IL-33 during helminth infection, so we generated 76 germline IL-33 -/-mice (Fig. S1 ). We intragastically infected non-littermate 6-to 8-week- (Fig. 1A ) and in the EHBD (Fig. 1B (Fig. 4B) . We also found a few common genes that were upregulated more than 2-fold 148 in both antibiotics-treated WT and IL-33 -/-mice (Fig. 4C) (Fig. 5A) , the butyrate concentration in the 162 intestinal lumen was also reduced significantly (Fig. 5B) (Fig. 5C and 5D ). More importantly,
166
butyrate was able to inhibit BTSC expansion both in the presence or absence of rmIL-167 9 33 ( Fig. 5C and 5D ). Thus, microbiota-derived butyrate has the potential to participate in 168 regulating biliary regenerative program at least in part via inhibiting BTSC bioactivity.
169
Butyrate inhibits biliary fibrosis in vivo 170
In order to test whether butyrate has a role in inhibiting biliary fibrosis in vivo, we (Fig. S3A-S3D ). However, butyrate was effective in attenuating fibrosis 177 in the WT mice, evaluated by biochemical measurement of hepatic hydroxyproline 178 concentration (Fig. 6) microbial genes with 97% sequence similarity from RDP and NT-16S databases.
292
Bacterial taxa summarization and rarefaction analyses of microbial diversity or 293 compositional differences (dissimilarity value indicated by Unweighted UniFrac 294 Distance) were then calculated and PCoA plots indicating compositional difference were 295 generated accordingly with the Vegan package in R software. The data has been 296 deposited in NCBI (accession number SRP132115).
297
RNA sequencing and differential expression analyses
298
RNA from liver tissues were first isolated by disrupting the tissues in TRIzol (Invitrogen, 299 Grand Island, NY, USA) using a tissue lyser and then further purified using the RNeasy 300 mini kit (Qiagen, Germantown, MD, USA) including the on-column DNase digestion.
301
Total RNA concentration and RNA integrity of samples was determined using the 302 NanoDrop (Thermo Scientific, Grand Island, NY, USA) and Agilent 2100 Bioanalyzer. Matrigel and seeded onto plates overlaid with culture medium containing Ad-DMEM/F12 314 supplemented with 1X B27and 1X N2, 1 mM N-acetylcysteine, 10 mM nicotinamide, 50 315 ng/ml EGF, 1μg/ml Rspo1, 100 ng/ml Noggin, 100 ng/ml FGF10 , and 500ng/ml 316 Wnt3a,100 U/mL penicillin, 100 μg/ml streptomycin. To test the effect of butyrate, 7-9 317 days after initial biliary organoids culture, the organoids were further treated with 1µg/ml 318 rmIL33 and 10mM sodium butyrate for another two days. For Ki67 immunostaining, the 319 biliary organoids were fixed in 4% paraformaldehyde at RT for 30min, then treated with 320 0.1% Triton X-100 at RT for 30min, followed by blocking with 5% BSA at RT for 1h, first Beijing Keao Xieli Feed Co., Ltd., Beijing. 6-8-week-old mice were fed with 0.1% DDC-328 containing food for total of 4 weeks. For butyrate treatment, 10g/l sodium butyrate was 329 added in the drinking water and refreshed every other day during DCC challenge.
330
Statistical Analysis
331
The data are shown as mean values ± standard error of the mean (SEM). Differences 332 between multiple groups were compared using one-way ANOVA with post-hoc 333 Bonferroni analysis. A Student's t-test was used for comparisons between two groups.
334
A P-value < 0.05 was considered significant. 
